Abstract

22
23
A series of experiments were conducted with black tiger shrimp (Penaeus monodon) juveniles 24 to firstly determine the effects of reducing fishmeal inclusion in a diet and then to evaluate the 25 potential for a microbial bioactive to support complete replacement of both fishmeal and fish oil in 26 feeds when fed under clear-water and green-water conditions. The isoproteic and isoenergetic 27 replacement of fishmeal resulted in a consistent decline in growth performance indicating that at 28 every decrease in fishmeal below an inclusion level of 45% there was a decline in performance. In a 29 subsequent trial undertaken in a clear-water tank system diets devoid of both fishmeal and fish oil fed 30 to shrimp were demonstrated to produce poorer performance than a fishmeal and fish oil reference 31 diet. However the addition of a microbial bioactive to the diet resulted in not only a compensation for 32
Introduction
39
There has been a considerable amount of research in the past few decades to improve the 40 capacity to utilize alternative raw materials in diets for many aquaculture species, including shrimp 41 (Gatlin et al., 2007; Glencross et al., 2007) . Recent progress in the use of raw materials other than replacement of fishmeal and fish oil. The work was undertaken in both indoor laboratory 'clear-water' 76 and outdoor, zero-exchange 'green-water' conditions. This study aimed to test the hypotheses' that at 77 a critical threshold of fishmeal and fish oil inclusion that feed intake and growth would decline, but 78 that the use of a microbial bioactive would ameliorate those declines.
79
Materials and Methods
80
Study design
81
A series of three experiments were undertaken to define; 1) the thresholds to replacement of 
Diet manufacture
88
Each diet was based on using a standard reference diet of 42% protein and 7% lipid which 89 was a mimic of the commercial feeds typically used in the Australian shrimp farming industry and 90 which acts as our industry equivalent performance benchmark (Glencross et al., 1999a) . Variants of 91 this diet were then made by increasing inclusion of both poultry offal meal and a lupin kernel meal.
92
Details and composition of all ingredients used in this study are presented in Table 1 . Each diet was 93 prepared by ensuring all ingredients were milled to <750 m, prior to mixing in an upright planetary 94 mixer (Hobart, Sydney, NSW, Australia). Water was then added during the mixing to form a dough 95 which was subsequently screw-pressed (Dolly, La Monferrina, Castell'Alfero, Italy) through a 3mm 96 die and cut to pellet lengths of about 6mm. The pellets were then steamed at 100ºC for 5 minutes 97 before being oven dried at 60ºC for 24h. Diets were kept at -20ºC when not being fed. 
Experiment 1
100
In experiment 1 a series of diets were formulated to the same specifications as the reference 101 diet but with the fishmeal progressively diluted out of the formulations from 20% to 0% inclusion at 102 5% increments. In addition to the series of diets with fishmeal diluted out, two additional diets with flow-through seawater at a rate of 500 mL/min. Temperatures of each tank were maintained at 29.2 ± 117 0.28ºC and dissolved oxygen maintained at 6.4 ± 0.14 mg/L. netting and transferred to a holding tank (10,000 L) where they were held pending allocation to trial 141 tanks. During the holding period (~7 days) they were fed a standard commercial grower diet (Prawn 142 Grower, Ridley Aquafeeds, Narangba, QLD, Australia).
143
Six shrimp were then allocated to each of 40 x 100 L tanks in an indoor laboratory system.
144
The mean initial weight across all tanks was 4.35 ± 0.04 g. Tanks of the shrimp were maintained with 145 flow-through water at a flow rate of 500 mL/min. All values are means ± standard deviations unless otherwise specified. Significant differences 206 were determined using an ANOVA followed by a Tukey's HSD test with critical ranges were set at P 207 < 0.05. These tests were undertaken using the Statistica™ v6.0 software (Statsoft  , Tulsa, OA, USA).
208
Linear regression analysis and line fitting of those relationships was undertaken using the data 209 analysis tools and graphics elements of Microsoft Excel. 
Results
211
Experiment 1
212
There were significant effects on shrimp growth due to the reduction in fishmeal inclusion 213 (Table 4) . Growth (as defined by final weight, weight gain, gain rate) of those shrimp fed the There were a range of significant effects of the dietary treatments on the composition of the 240 shrimp (Table 7) . Notable changes included a decrease in the LC-PUFA with a decrease of either (or 241 both) fishmeal and fish oil in the diet. This was caused principally by a decline in the percentage of 242 C20:5n-3, C22:5n-3 and C22:6n-3. This decline in the LC-PUFA and notably the Total n-3 also 243 resulted in a significant change to the n-3 : n-6 ratio in the fatty acid composition of the shrimp, which 244 was further exacerbated by an increase in the Total n-6 fatty acids. 
Experiment 3
In green-water zero-exchange outdoor tank conditions the complete replacement of both fish 248 meal and fish oil had no significant (P=0.994) effect on growth (as defined by final weight, weight 249 gain and gain rate) of those shrimp in experiment 3 (Table 6 ). However, the addition of the microbial 250 bioactive to the diet resulted in a significant (P=0.005) increase in growth and feed intake by the 251 shrimp. When added to diets with low or no fish meal and/or fish oil this increase in growth induced 252 by the microbial bioactive was greater than that observed when the diets had high levels of fish meal 253 and fish oil (F50:O2:M10) (Table 6 ).
254
As with experiment 2 there were also a range of significant effects on the composition of the 255 shrimp due to the dietary treatments in experiment 3 (Table 8 ). In contrast to experiment 2, there were 256 no significant differences among treatments in the percentages of Total LC-PUFA in experiment 3.
257
Although there was some variability in the percentages of C20:5n-3 and C22:6n-3 with changes in 258 dietary treatments in this experiment, it was the substantial increase in the levels of C20:4n-6 that 259 caused the absence of a significant difference in the Total LC-PUFA. 
Discussion
262
The use of fishmeal in shrimp diets has long been identified as one of the critical issues 263 affecting sustainability of feed use in this aquaculture sector (Tacon and Metian, 2008 sources, but also supplemented with squid meal (10 g/kg). All experimental diets also performed 361 numerically poorer than the commercial reference used. In the green-water trial in the present study, 362 equal or superior growth was achieved with no aquatic animal meals or oils included in the diet. In 363 addition, the inclusion of a microbial bioactive resulted in superior performance of those same 364 fishmeal and fish oil free diets into which it was included. Therefore we contest that the present study 365 is the first reported that has achieved complete replacement of all fishery derived products and 366 demonstrated equal or superior performance and therefore represents a major step forward in terms of 367 complete independence from reliance of fishery products to underpin shrimp production. 
Conclusions
370
The findings of this study demonstrate that through the use of a microbial bioactive product 371 containing growth promoting properties that it is possible to completely off-set the need for both fish h Vitamin and mineral premix : Rabar, Beaudesert, QLD, Australia; includes (IU/kg or g/kg of premix): Vitamin A, 2.5MIU; Vitamin D3, 1.25 MIU; Vitamin E, 100 g; Vitamin K3, 10 g; Vitamin B1, 25 g; Vitamin B2, 20 g; Vitamin B3, 100 g; Vitamin B5, 100; Vitamin B6, 30 g; Vitamin B9, 5; Vitamin B12, 0.05 g; Biotin, 1 g; Vitamin C, 250 g; Banox-E, 13 g; h Yttrium oxide: Stanford Materials, Aliso Viejo, CA, USA. Table 3 Formulations and composition of the diets from Experiments 2 and 3. Data are percent values. Different superscripts within rows indicate significant differences (P<0.05). An absence of superscripts implies that there were no significant differences (P>0.05). Fishmeal Inclusion (%)
